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SYSTEM, METHOD AND ARRANGEMENT WHICH CAN USE 
SPECTRAL ENCODING HETERODYNE INTERFEROMETRY 
TECHNIQUES FOR IMAGING 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application is based upon and claims the benefit of priority from 

U.S. Patent Application Serial No. 60/686,518, filed May 31, 2005, the entire 
disclosure of which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

Development of the present invention was supported in part by the 
10 U.S. Government under National Science Foundation grant BES-0086709. Thus, the 
U.S. Government may have certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention relates to optical imaging and, more particularly, 
to systems, methods and arrangements that can use spectral encoding heterodyne 
1 5 interferometry techniques for imaging at least one portion of a sample. 

BACKGROUND OF THE INVENTION 

Three-dimensional ("3D") endoscopy can assist with a variety of 
minimally invasive procedures by providing clinicians with depth information. 
Achieving depth-resolved imaging having a large, three-dimensional field of view can 

20 be difficult when small diameter flexible imaging probes such as, e.g., borescopes, 
laparoscopes, and endoscopes are utilized. The use of confocal imaging through a 
fiber-bundle using a high numerical aperture lens may be one technique that can be 
used to address this problem. Such technique is described in, e.g., Y. S. Sabharwal et 
al., "Slit-scanning confocal microendoscope for high-resolution in vivo imaging," 

25 Appl. Opt. 38, 7133 (1999). A 3D field of view for such devices, however, may be 
limited to less than a few millimeters due to a small clear aperture of the objective 
lens and a low f-number that may be required for high-resolution optical sectioning. 

Other techniques such as, for example, stereo imaging and structured 
illumination have also been proposed for obtaining 3D endoscopic images. Such 
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techniques are described in, e.g., M. Chan et al., "Miniaturized three-dimensional 
endoscopic imaging system based on active stereovision," Appl. Opt. 42, 1888 
(2003); and D. Karadaglic et al., "Confocal endoscope using structured illumination," 
Photonics West 2003, Biomedical Optics, 4964-34, respectively. These techniques 
5 may, however, require more components to construct a probe than would be required 
for confocal imaging that is performed using a fiber bundle. This additional hardware 
can increase the size, cost, and complexity of such devices. 

Spectrally-encoded endoscopy ("SEE") techniques can utilize a 
broadband light source and a diffraction grating to spectrally encode reflectance 

10 across a transverse line within a sample. For example, a two-dimensional image can 
be formed by slowly scanning this spectrally-encoded line. This technique can be 
performed using a single optical fiber, thereby enabling imaging through a flexible 
probe having a small diameter. In particular, SEE images can have a larger number of 
resolvable points, and may be relatively free from pixilation artifacts as compared 

1 5 with images obtained using fiber-bundle endoscopes. 

When combined with interferometry techniques and systems, SEE can 
provide three-dimensional images. A depth-resolved imaging can be achieved, e.g., 
by incorporating a SEE probe into a sample arm of a Michelson interferometer. 
Using such an arrangement, two-dimensional ("2D") speclde patterns can be recorded 

20 using a charge-coupled device ("CCD") camera at multiple longitudinal locations of a 
reference mirror. Subsequently, depth information can be extracted by comparing 
interference signals obtained at consecutive reference mirror positions. When using 
this technique, the reference mirror can be held stationary to within an optical 
wavelength while a single image (or line) is being acquired to avoid the loss of fringe 

25 visibility. Scanning a reference mirror that is positioned with such accuracy over 
multiple discrete depths can be very difficult at the high rates required for real-time 
volumetric imaging. 

OBJECTS AND SUMMARY OF THE INVENTION 

One of the objects of the present invention is to overcome certain 
30 deficiencies and shortcomings of the prior art systems (including those described 
herein above), and to provide exemplary SEE techniques, systems and arrangements 
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that are capable of generating three-dimensional image data associated with a sample. 
Exemplary embodiments of the present invention can provide methods, systems and 
arrangements that are capable of generating high-speed volumetric imaging of a 
sample. Exemplary embodiments of these systems and arrangements can be provided 
5 within the confines of a fiber optic probe or an endoscopic probe. 

In certain exemplary embodiments of the present invention, a system 
can be provided that includes a light source or another electro-magnetic radiation 
generating arrangement. The light source can be a broadband source capable of 
providing the electro-magnetic radiation. The exemplary embodiment of the system 
1 0 can include a beam splitter configured to separate radiation from the light source into 
a first radiation and a second radiation. The system can be configured to direct the 
first radiation toward a sample. The first radiation can pass through a lens-grating 
arrangement (that can include a diffraction grating and a lens) to focus, modify and/or 
direct the first radiation. The lens-grating system can be configured to direct a 
1 5 spectrally-encoded line associated with tire first radiation towards the sample. A 

scanning mechanism can also be provided that is configured to effectuate the scanning 
of the line over at least a portion of the sample in a direction that is approximately 
perpendicular to the line. A third radiation can be generated based on interactions 
between at least a portion of the spectrally-encoded line and the sample. The lens- 
20 grating arrangement and/or the scanning mechanism may be provided, e.g., in a 
probe. The probe may include an endoscope and/or a catheter. 

The exemplary embodiment of the system can further include a 
rapidly-scanning optical delay ("RSOD") arrangement, where the second radiation 
can be configured to pass through the RSOD arrangement and possibly be affected 
25 thereby to generate a fourth radiation. A detection arrangement can also be provided 
that is configured to detect an interference between the third and fourth radiations. 
This detection arrangement can include, e.g., a charge-coupled device that is capable 
of generating raw data based on the interference. 

A processing arrangement such as, e.g., a computer and/or a software 
30 arrangement executable by the processing arrangement, can be provided that is/are 
configured to generate the image data based on the detected interference between the 
third and fourth radiations. The processing arrangement and/or the software 



3 



WO 2006/130797 



PCT/US2006/021343 



arrangement can be configured to apply, for example, a Fourier transform to the raw 
data to generate the image data. A display arrangement can also be provided to 
display the images of at least one portion of the sample based on the image data. 
These images can optionally be displayed in real time, e.g., while the first radiation is 
5 being directed towards the sample. 

In further exemplary embodiments of the present invention, a method 
can be provided for generating three-dimensional image data of at least a portion of 
the sample. A particular radiation can be provided which may include a first radiation 
10 directed to the sample and a second radiation directed to a reference. For example, 
the first radiation can be directed through a lens and a diffraction grating to provide a 
spectrally-encoded line directed towards the sample. This line can be scanned over at 
least a portion of the sample in a direction approximately perpendicular to the line. A 
third radiation can be produced based on an interaction between the first radiation and 
1 5 the sample. A fourth radiation can be generated by directing the second radiation 
through a rapidly-scanning optical delay. 

An interference can then be detected between the third radiation and 
the fourth radiation. This interference can be used to generate three-dimensional 
image data that characterizes at least one portion of the sample. The image data can 
20 be used to display images of the sample on a display. 

These and other objects, features and advantages of the present 
invention will become apparent upon reading the following detailed description of 
embodiments of the invention, when taken in conjunction with the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Further objects, features and advantages of the invention will become 

apparent from the following detailed description taken in conjunction with the 
accompanying figures showing illustrative embodiments of the invention, in which: 
Figure 1 is a block diagram of an exemplary embodiment of a time- 
domain spectrally-encoded imaging system according to the present invention; 

30 Figure 2 is a diagram of an exemplary technique that may be used to 

extract both transverse and depth information from an interference trace using a short- 
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time Fourier transform in accordance with certain exemplary embodiments of the 
present invention; 

Figure 3 A shows an exemplary image of a fingertip obtained using a 
method, system and arrangement in accordance with exemplary embodiments of the 
5 present invention; 

Figure 3B shows an exemplary image of the fingertip shown in Figure 
3 A in which depth information is superimposed using contour lines; 

Figure 4A is an image of a surface of a quarter dollar coin obtained 
using a method, system and arrangement in accordance with exemplary embodiments 
10 of the present invention; 

Figure 4B is an image of a surface of a dime placed 2.4mm in front of 
the quarter dollar coin shown in Figure 4A; 

Figure 4C is an exemplary two-dimensional integrated image of the 
two coins shown in Figures 4A and 4B, which was obtained using a method, system 
1 5 and arrangement in accordance with exemplary embodiments of the present invention; 
and 

Figure 4D is a depth-resolved image of the two coins shown in Figure 
4C, in which surface features closer to the lens are brighter than those further away; 
and 

20 Figure 5 is a flow diagram of an exemplary method in accordance with 

exemplary embodiments of the present invention. 

Throughout the figures, the same reference numerals and characters, 
unless otherwise stated, are used to denote like features, elements, components or 
portions of the illustrated embodiments. Moreover, while the subject invention will 

25 now be described in detail with reference to the figures, it is done so in connection 
with the illustrative embodiments. It is intended that changes and modifications can 
be made to the described embodiments without departing from the true scope and 
spirit of the subject invention as defined by the appended claims. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF INVENTION 

30 A block diagram of a system configured to acquire image data for 3D 

images in accordance with exemplary embodiments of the present invention is shown 
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in Figure 1 . For example, a light source 100 or other source of electro-magnetic 
radiation can be provided (which may generate a light or other electro-magnetic 
radiation that has a broad bandwidth such as, e.g., a titanium-sapphire laser) which 
may be coupled to an input port of, e.g., a single-mode fiber optic 50/50 splitter 1 1 0 
5 or another type of optical splitter. A compact lens-grating arrangement may be 
provided that can include a lens 120 (e.g., a lens having f = 40 mm and a beam 
diameter of 0.5 mm) adapted to focus a beam of light, and a transmission grating 130 
having, e.g., 1000 lines/mm (Holographix LLC) to diffract the beam and form a 
spectrally-encoded line (along an x-axis) on a surface of a sample 140. A 
1 0 galvanometric optical scanner 1 50 can be provided for, e.g., slow scanning of the line 
along a y-axis. 

This exemplary system can provide a spatial transverse resolution of, 
e.g., approximately 80 microns. The image may include 80 transverse resolvable 
points, with each transverse spot capable of being illuminated using a bandwidth of, 

1 5 e.g., 1 .9 nm. The overall power provided to the sample may be about 4 mW. A 
double-pass rapidly-scanning optical delay ("RSOD") 160 can be used to control a 
group delay of the reference arm light. The RSOD 160 may be scanned over a 
distance of about 1.5 mm at a rate of about 1000 scans per second. An interference 
signal can be recorded as a function of time by a detector 170, and then demodulated 

20 and displayed in real time using a computer 1 80. 

Spatial resolutions and ranging depth measurements and visualization 
can be improved according to the exemplary embodiments of the present invention by 
using, for example, a broader bandwidth source and an extended-range optical delay 
line. Such arrangements are described, e.g., in K. K. M. B. D. Silva, A. V. Zvyagin, 

25 and D. D. Sampson, "Extended range, rapid scanning optical delay line for biomedical 
interferometric imaging," Elec. Lett. 35, 1404 (1999). 

An illustration of an exemplary technique according to the present 
invention for encoding both transverse and depth dimensions using broad-spectrum 
illumination is shown in Figure 2. For example, a sample 200 can include three 

3 0 discrete scattering points in an x-z plane. An interference signal 210 that may be 
recorded as a function of time by scanning the sample 200 can contain three 
interference traces 220. Each interference trace can represent depth information 
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which may be characterized by a corresponding delay, At f = AZj/v g , where Az; is a 
depth location of a corresponding scatterer and v g is a group-delay velocity. A 
transverse location can correspond to a carrier frequency, 2vpA,;, where v p can 
represent a phase velocity and ^ may be a wavelength corresponding to the location 
5 of scatterer i. (For example, in the sample containing three scatterers shown in Figure 
2,i=lto3.) 

The width of each trace, Tj, can determine a depth resolution, and may 
be expressed as T; = 0.44N x Xj 2 /(v g AX), where AX represents a total bandwidth and N x 
is a number of resolvable points along the spectrally-encoded line. A two- 

10 dimensional data set 230 (corresponding to locations in x- and z-axes) can be obtained 
by applying a short-time Fourier transform ("STFT") to the interference data 220 
using a Gaussian window centered at Atj and having a width of Tj. The frequency 
distribution corresponding to a given delay At; can provide spatial information at a 
corresponding depth, Az ; . 

1 5 Alternatively or additionally, a depth-integrated transverse image can 

be obtained by applying a frequency transform to part or all of a set of interference 
data simultaneously, or by summing individual depth-resolved images. The 
frequency transform may be, e.g., a Fourier transform, a short-time Fourier transform, 
or a Wigner transform. Volumetric data can be obtained by scanning the spectrally 

20 encoded line transversely across the sample 200. 

The exemplary detection technique according to the present invention 
described herein can be analogous to a technique which may be used in conventional 
optical coherence tomography ("OCT")- Conventional OCT techniques are 
described, e.g., in D. Huang et al., Science 254, 1 178 (1991). Exemplary OCT 

25 techniques can utilize a broadband light source to obtain a high resolution in an axial 
direction which may be, e.g., less than about 10 um. To perform three-dimensional 
imaging using the conventional OCT techniques, a probe beam should be scanned in 
two dimensions, which can require a fast beam-scanning mechanism. In contrast, 
spectrally-encoded endoscopy techniques can utilize a spectral bandwidth to obtain 

30 both transverse and axial resolution shnultaneously, which may thereby utilize only 
one slow-axis scan to acquire three-dimensional data sets. Using a given source 
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bandwidth, the two-dimensional resolution can be achieved with a decreased axial 
resolution. 

If an exemplary shot-noise limited detection technique is utilized and a 
source having a uniformly flat spectrum is used, a signal-to-noise ratio ("SNR") 
5 associated with a spatial point having a reflectivity R can be expressed as: 

sm. «. *..Jg5l_, 

2hvP r B hvN 2 x N s 

where P r denotes a total reference arm power, P s denotes a total sample power, x 
represents a line scan period, B denotes a sampling bandwidth, which may be written 
as B = N z /2x, and N 2 indicates a number of axial resolvable points. The expression 
10 for the SNR above can be inversely proportional to the square of the number of 
transverse resolvable points, since only a fraction of the reference arm power (i.e., 
P r /N x ) interferes with light returning from a single transverse location. , 

Exemplary images of a fingertip acquired using an exemplary 3D 
spectrally-encoded technique in accordance with certain exemplary embodiments of 
1 5 the present invention are shown in Figures 3A and 3B. The frame size of these 

exemplary images is approximately 15x9 mm). Three-dimensional image data was 
obtained at a rate of 2.5 frames per second. Each frame in the images of Figures 3 A 
and 3B includes a resolution of 200 points (along a spatially 'scanned axis) x 80 points 
(along a wavelength-encoded axis) x 10 points (indicating depth within the sample). 
20 The depth resolution was approximately 145 um. 

For example, a two-dimensional (depth-integrated) image 300 of 
Figure 3A can be obtained by acquiring about 4000 points per scan, and applying a 
Fourier transform to these data. Each scan can be divided into about ten time 
windows that may be transformed separately to extract three-dimensional information. 
25 The three-dimensional data can also be presented as a contour map 310 as shown in 
Figure 3B. Further, a false-color image can be generated and superimposed onto a 
two-dimensional image to provide an additional three-dimensional visualization. 

In biological tissues, a single-scattered signal emerging from a 
particular depth within a tissue sample can have a significantly lower intensity than a 
30 signal scattered from near the tissue surface. Based on this characteristic of scattered 
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signals, it is likely that the largest frequency component of each STFT may 
correspond to a surface height or depth within the tissue. 

Three-dimensional image data can be obtained from the samples 
having a depth range larger than, e.g., the 1.5 mm depth provided directly by the 
5 RSOD 1 60 shown in Figure 1 . A greater range of depths can be resolved by obtaining 
two or more volumetric data sets, where each set can be acquired using a different 
reference arm path length. 

In exemplary embodiments of the present invention, certain 
components of the system may be provided in a small size in the form of a probe that 

1 0 can be introduced into a body. For example, the lens-grating arrangement and/or the 
scanning mechanism may be provided in a capsule or other enclosure or housing that 
can be included with or introduced into a body using a catheter and/or an endoscope. 
A waveguide can be used to direct at least part of the radiation generated by the light 
source to the lens-grating arrangement, the reference, and/or the sample. The 

1 5 waveguide can include, for example, a single-mode optical fiber, a multi-mode optical 
fiber, and/or a multiple-clad optical fiber. 

As an example of this extended range acquisition, the surface of a dime 
placed about 2.4 mm in front of a quarter dollar coin was imaged as shown in Figures 
4A-4D using a method, arrangement and system in accordance with certain exemplary 

20 embodiments of the present invention. For example, a lens having an f value of 65 
mm was used to provide a larger field of view and depth of focus. Two volumetric 
data sets were obtained by calculating the STFT for each of two locations of the 
RSOD double-pass mirror. Each set of image data included 200 horizontal lines, 
captured at a rate of 5 volume sets per second, and was processed and displayed on a 

25 computer screen at a rate of 2.5 frames per second. 

Images of the two coins shown in Figures 4A-4D are provided under 
various conditions. A first image 400 in Figure 4A includes a scale bar having a 
length of 1 mm, which also corresponds to the images shown in Figures 4B-4D. 
Although the surfaces of both imaged coins are within the focal depth of the lens, the 

30 dime is not seen in the first image 400 of Figure 4A because of the limited scanning 
range of the RSOD. After adjusting the optical path length of the reference arm by 
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stepping the RSOD 160 double pass mirror of Figure 1 by 2.4 mm, the surface of the 
dime can be visualized, as shown in a second image 410 in Figure 4B. 

The two volumetric data sets used to form the first and second images 
400, 410 can be combined to obtain a depth-integrated two-dimensional third image 
5 420 of Figure 4C and an extended-range depth resolved fourth image 430 of Figure 
4D. The surface height in the resolved fourth image 430 can be represented by a gray 
scale lookup table, where depth locations closer to the lens have higher pixel 
intensity. Thus, the image of the dime appears brighter, whereas recesses in the lower 
quarter dollar coin appear the darkest in this image. Other exemplary image 
10 processing techniques may be used to provide additional displays of the three- 
dimensional image data obtained using the exemplary methods and systems described 
herein. 

An exemplary flow diagram of a method 500 according to exemplary 
embodiments of the present invention is shown in Figure 5. A particular radiation can 
1 5 be provided that can include a first and a second electro-magnetic radiation (step 510). 
The particular radiation can be provided by, e.g., a broadband light source or a laser. 
The radiation can include a plurality of wavelengths that are provided simultaneously, 
or it can optionally can include one or more wavelengths that vary in time. The first 
and second radiations can be provided, e.g., by directing the particular radiation 
20 through an optical arrangement such as a beam splitter. 

A spectrally disperse line of radiation can be generated that is 
associated with the first radiation (step 520). This line can be generated, e.g., by 
directing the first radiation through a lens-grating arrangement which can include, for 
example, a diffraction grating and a lens that can be configured to focus and/or direct 
25 the first radiation. The spectrally disperse line can be generated all at once or,, 

alternatively, different portions of the line can be generated sequentially when using a 
light source having at least one wavelength that varies with time. 

The spectrally disperse line can be directed toward a portion of a 
sample to be imaged (step 530). The line may also be scanned in a direction that can 
30 be approximately perpendicular to the line (step 540) using an arrangement such as, 
e.g., a galvanometric optical scanner or the like, which can provide coverage of a 
region of the sample to be imaged. 
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The second radiation can be directed to an optical delay arrangement 
(step 550) or other arrangement such as, e.g., a RSOD, which is capable of affecting 
the second radiation in a controlled time-dependent manner. A signal associated with 
the first and second radiations may then be detected (step 560). This signal can be, 

5 e.g., an interference which can be obtained by combining the second radiation (after it 
has been directed to the optical delay arrangement) and electro-magnetic radiation 
generated by an interaction between the first radiation and a portion of the sample 
being imaged (step 570). Three-dimensional image data can then be generated that is 
associated with the signal using a processing arrangement or computer. The data can 

10 be generated, e.g., by applying a Fourier transform to the signal and/or demodulating 
the signal. One or more images can then be displayed using the image data (step 
580). Optionally, the image can be displayed in real time. 

The foregoing merely illustrates the principles of the invention. 
Various modifications and alterations to the described embodiments will be apparent 

1 5 to those skilled in the art in view of the teachings herein. Indeed, the arrangements, 
systems and methods according to the exemplary embodiments of the present 
invention can be used with any OCT system, OFDI system, SD-OCT system or other 
imaging systems, and for example with those described in International Patent 
Application PCT/US2004/029148, filed September 8, 2004, U.S. Patent Application 

20 No. 1 1/266,779, filed November 2, 2005, and U.S. Patent Application No. 

10/501,276, filed July 9, 2004, the disclosures of which are incorporated by reference 
herein in their entireties. It will thus be appreciated that those skilled in the art will be 
able to devise numerous systems, arrangements and methods which, although not 
explicitly shown or described herein, embody the principles of the invention and are 

25 thus within the spirit and scope of the present invention. In addition, to the extent that 
the prior art knowledge has not been explicitly incorporated by reference herein 
above, it is explicitly being incorporated herein in its entirety. All publications 
referenced herein above are incorporated herein by reference in their entireties. 
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WHAT IS CLAIMED IS: 

1 . A system comprising: 

at least one first arrangement configured to provide a particular 
5 radiation which includes at least one first electro-magnetic radiation directed to at 
least one sample and at least one second electro-magnetic radiation directed to a 
reference arrangement, wherein at least one of the at least one first radiation or the at 
least one second radiation comprises a plurality of wavelengths, and wherein the at 
least one first arrangement is configured to spectrally disperse the at least one first 
10 electro-magnetic radiation along at least one portion of the at least one sample; and 

at least one second arrangement configured to generate data associated 
with the at least one first electro-magnetic radiation and the at least one second 
electromagnetic radiation, wherein the data is associated with at least one portion of 
the at least one sample which is located in a direction that is axial with respect to a 
1 5 direction of the at least one first electro-magnetic radiation. 

2. The system according to claim 1 , wherein the reference arrangement 
comprises an optical delay arrangement. 

20 3 . The system according to claim 2, wherein the optical delay arrangement is a 
rapidly-scanning optical delay. 

4. The system according to claim 1, wherein the data is further associated with at 
least one portion of the at least one sample which is located in a direction that is 

25 transverse with respect to a direction of the at least one first electro-magnetic 
radiation.. 

5. The system according to claim 4, wherein the data is further associated with at 
least one of a two-dimensional image or a three-dimensional image of at least a 

3 0 portion of the at least one sample. 
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6. The system according to claim 1, wherein the at least one sample is an 
anatomical structure. 

7. The system according to claim 6, wherein at least a portion of the anatomical 
5 structure is provided below a surface of skin. 

8. The system according to claim 1, wherein the at least one first arrangement 
comprises a diffraction grating. 

10 9. The system according to claim 8, wherein the at least one first arrangement 
further comprises a lens. 

10. The system according to claim 9, wherein the at least one first arrangement is 
further configured to generate a line of radiation on at least a portion of the at least 

15 one sample. 

1 1 . The system according to claim 10, wherein the at least one first arrangement 
further comprises at least one scanning arrangement configured to scan the line of 
radiation in a direction approximately perpendicular to the line. 

20 

12. The system according to claim 1, wherein the at least one second arrangement 
comprises an optical detector. 

1 3 . The system according to claim 12, wherein the optical detector includes a 
25 charge-couple device. 

14. The system according to claim 12, wherein the optical detector is configured 
to generate a signal based on the at least one first electromagnetic radiation and the at 
least one second electromagnetic radiation, and wherein the at least one second 

30 arrangement is configured to generate a time-frequency transform of the signal. 
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15. The system according to claim 14, wherein the time-frequency transform is at 
least one of a Fourier transform, a short-time Fourier transform, or a Wigner 
transform. 

5 16. The system according to claim 1 , further comprising a processing arrangement 
configured to provide at least one image based on the data. 

17. The system according to claim 1 6, wherein the at least one processing 
arrangement is configured to provide the at least one image in real time. 

10 

1 8. The system according to claim 1 , wherein the at least one first electromagnetic 
radiation is provided through a waveguide arrangement. 

1 9. The system according to claim 1 8, wherein the waveguide arrangement is at 

1 5 least one of a single-mode optical fiber, a multi-mode optical fiber, or a multiple-clad 
optical fiber. 

20. The system according to claim 18, wherein the at least one first arrangement is 
provided in a probe. 

20 

2 1 . The system according to claim 20, wherein the probe comprises at least one of 
an endoscope or a catheter. 

22. A method for generating three-dimensional image data comprising: 
25 providing a particular radiation which includes at least one first 

electro-magnetic radiation and at least one second electro-magnetic radiation; 

directing the at least one first electro-magnetic radiation to at least one 
sample, wherein the at least one first radiation comprises at least one of a plurality of 
wavelengths and the at least one first electromagnetic radiation is spectrally dispersed 
30 on the at least one sample; 

directing the at least one second electro-magnetic radiation to a 
reference arrangement; 
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detecting a signal associated with the at least one first electro-magnetic 
radiation and the at least one second electro-magnetic radiation; and 

generating image data associated based on the signal, wherein the 
image data is further associated with at least one portion of the at least one sample 
5 which is located in a direction that is axial with respect to a direction of the at least 
one first electro-magnetic radiation. 

23. The method of claim 22, wherein the reference arrangement includes an 
optical delay arrangement. 

10 

24. The method of claim 22, wherein the at least one first electromagnetic 
radiation is provided in the form of a line, and further comprising scanning the line in 
a direction approximately perpendicular to the line. 

15 25. The method of claim 22, wherein generating the image data comprises 
generating a time-frequency transform of the signal. 

26. The method of claim 25, wherein the time-frequency transform is at least one 
of a Fourier transform, a short-time Fourier transform, or a Wigner transform. 

20 

27. The method of claim 22, further comprising displaying at least one image 
based on the image data. 

28. The method of claim 27, wherein the at least one image is displayed in real 
25 time. 
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